ABSTRACT
INTRODUCTION
Amorphous carbon nitride (a-CN x ) thin films have been extensively developed owing to its unique combination of electrical, optical and mechanical properties (Abd Elkader et al. 2012; Sekhar et al. 2014; Zheng et al. 2014) . Among these properties, the electrical property is seen to be of significant interest and therefore have been widely investigated. It has been reported that a-CN x thin films exhibit an improvement on the electrical properties due to the formation of sp 2 -clusters and are responsible for the enhancement of conductivity of the a-CN x thin films (Sekhar et al. 2014) . The formation of sp 2 -clusters is induced by the nitrogen incorporation in the a-CN x thin films (Ferrari et al. 2003) . Various techniques have been reported to produce carbon based thin films such as thermal chemical vapor deposition (T-CVD) (Shaharin et al. 2014) and plasma enhanced chemical vapor deposition PECVD (Awang & Rahman 2008) . In the CVD growth, the gas used as precursor is one of the major issues. In the previous work, the performance of a-CN x thin films as a humidity sensor, produced from methane, (CH 4 ) as a precursor gas was carried out (Aziz et al. 2015) . Continuation of the work, the sensitivity a-CN x thin films as a humidity sensor, produced from ethane (C 2 H 6 ) gas is studied. Higher C to H ratio in C 2 H 6 gas is expected to induce the nitrogen incorporations in the films (Othman et al. 2014) and promote the formation of paracyanogen (C=N) and nitrile (C≡N) bands (Othman et al. 2013) . Higher content of these bands can enhance the humidity sensing property of a-CN x thin films (Lee & Lee 2015) . This work reports on the properties of a-CN x thin films deposited using C 2 H 6 and N 2 by RF-PECVD technique with varying RF power. The influence of RF power on the morphology, chemical bonding and the humidity sensing properties of the films are described.
MATERIALS AND METHODS
The a-CN x thin films were prepared by RF-PECVD technique at different RF power of 60, 70, 80, 90 and 100 W. The a-CN x thin films were deposited from the dissociation of a mixture of precursor gases C 2 H 6 (20 sccm) and N 2 (47 sccm) onto p-type (111) silicon and quartz substrates. The films were deposited for 90 min. Some other parameters such as electrode distance, deposition pressure and temperature were fixed at 1 cm, 0.8 mbar and 100ºC, respectively. Pre-deposition process by means of a hydrogen plasma treatment was performed to remove unwanted impurities on the substrate surface along with improving the adhesive of deposited CN layers onto the substrate. The morphology and cross section images of the deposited a-CN x thin films were captured by field emission scanning electron microscopy (FESEM). The film thickness was determined from the cross section images and the deposition rate of the a-CN x thin films were deduced from the average film thickness over the deposition time. The chemical bonds were characterized by Fourier transform infrared spectroscopy (FTIR). The interdigitated electrode was then deposited onto the films using RF magnetron sputtering technique to study the variation of resistance response as a function of relative humidity (RH) and time using a home-built humidity sensing system. The interdigitated electrode was deposited to enhance the absorption and desorption response of the samples (Aziz et al. 2015) . The home-built humidity sensing system consists of both moisturizing and drying in alternate time-setting of 4 min. The sensitivity, S of the samples in response to humidity is calculated using the equation (Chu et al. 2013 ) as follows; (1) where R h refers to the resistance at certain humidity (in this work, 85% RH) and R o represents the original resistance of the sensors in air of 9% RH.
RESULTS AND DISCUSSION
The micrograph images of a-CN x thin films captured using FESEM are shown in Figure 1 . Surface morphology is shown in Figure 1 (a) -1(c)) and their corresponding cross sections is in Figure 1(d) -1(f) ). The effects of RF power on the morphology and the average thickness of the deposited a-CN x thin films were studied. The FESEM image shows that the round structures with different diameters were produced and dispersed unevenly on the film surface RF power 60 W 80 W 100 W
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The scale bar shown for 2 μm d e f FIGURE 1. FESEM morphology images (a-c) and cross sections (d-f) of a-CNx deposited at 60 W, 80 W and100 W deposited at lowest RF power of 60 W. However, the film produced at RF power of 80 W showed voids structure appeared uniformly on the film surface. The structure of voids can be regarded as the sites that enhanced the adsorption of water vapour molecules. At high RF power of 100 W, the morphology of the film appears to be dense with multi-shaped grains with clear grain boundaries. The film thickness of the a-CN x thin films was detected from the cross section images. The thickness of the films decreased as the RF power was increased from 60 to 100 W. Figure  2 shows the relationship between the deposition rates of a-CN x thin films as a function of RF power. This result was expected because the plasma particles gain more energy with the higher RF power, which can bombard onto the film surface and increases the amount of physical etching followed by the changes of film morphology. Increased in RF power will enhances a structural modification by a high energetic ions (Haviar et al. 2014; Tien et al. 2015) . The enhancement of bombarded ions by the precursor gases creating high plasma consequently lead to a higher suppression of the growth film. Compared to our previous work using CH 4 gas, thin films deposited using C 2 H 6 in this work showed higher deposition rate. This result is not in agreement with other work (Othman et al. 2013 ) which used relatively low RF power density (1.2 W/cm3). Using the C 2 H 6 the dissociation of precursor gases had to undergo an additional step to form the CH 3 radical step (Haviar et al. 2014 ). Thus, the growth rate of films prepared from the C 2 H 6 mixture is lower than CH4 mixture. The reactions are as follows (Legrand et al. 1999 ):
Higher power density (more than 1.2 W/cm 3 ) used in this work may results in complete dissociation of the precursor gas with more production of CH 3 radicals resulting higher deposition rate using C 2 H 6 mixture.
The FTIR spectra in Figure 3 ), C-H and N-H/O-H bonds within a scanning range from 1000 to 4000 cm -1 as expected in a-CN x thin films. In accordance with previous studies, the peaks correspond to the formation of single, double and triple CN bonds at wavenumbers of 1100, 1642 and 2333 cm -1 , respectively (Legrand et al. 1999; Othman et al. 2014; Tien et al. 2015) , together with the C-H and OH bonds within the region of 2800-3000 and 3200-3500 cm -1 , respectively. As the presence of the C=N and C≡N bonds in a-CN x thin films are preferential in detecting moisture for humidity sensor, the discussion of the infrared transmission spectra focuses on C=N and C≡N peaks. From Figure 3 (a), the intensity of the peak for C=N increases as the deposition power increased from 60 to 80 W. The intensity of the peak appears to be slightly reduced and constant when the RF power was applied for more than 80 W. The intensity of C≡N peaks in Figure 3(b) , shows that the intensity of the peak is maximum at RF power of 80 W. The FTIR spectra of a-CN x films studied in this work showed that 80 W is the optimum RF power in inducing the formation C=N and C≡N bonds. Figure 4 shows the result of humidity sensor tests for a-CN x thin film deposited at 60, 70, 80, 90 and 100 W. During the drying process (low %RH, labelled as RH↓), water vapor were removed from the chamber. For moisturizing process (high %RH, labelled as RH ), water vapor is channelled to the chamber, thus increasing the moisture level in the chamber. The resistance of the sample was reduced to minimum which changes the electrical response from an insulating material (high resistance) to a conductive material (low resistance). Each sample had shown the repeatability of electrical response to the change of different relative humidity (%RH) with time interval of 4 min. However, all samples showed a small delayed response to high %RH after a few cycles except for sample deposited at 80 W. Table 1 shows the values of maximum and minimum resistance and the calculated sensitivity of the sample responses to the %RH. It is seen that all samples showed similar sensitivity towards the different relative humidity with slightly higher sensitivity captured by sample deposited at RF power of 80 W. The humidity sensor tests for a-CN x thin film in this work demonstrates that sample deposited at RF power of 80 W show best resistive responses compared to other samples with no delay response and highest sensitivity. In this study, the a-CN x thin films produced from ethane showed significantly better performance as humidity sensor as compared to previous studies using methane (Aziz et al. 2015) and acetylene (Abd Aziz & Awang 2017) as precursor gas. Higher C to H ratio in C 2 H 6 gas may induce the nitrogen incorporations in the films and promote the formation of paracyanogen (C=N) and nitrile (C≡N) bands hence contributing to a higher sensitivity with respect to the humidity sensing property of a-CN x films.
CONCLUSION
The a-CN x thin films were successfully prepared by RF-PECVD technique using ethane (C 2 H 6 ) and nitrogen (N 2 ) as precursor gases. The effects of the deposition RF power on morphology, chemical bonding properties and humidity sensing properties in a-CN x thin-films were investigated. It was determined that thin films deposited using ethane in this work results in higher deposition rate, imitating a good resistive responses to different relative humidity with higher sensitivity as compared to a-CN x thin films prepared using methane. Sample prepared at RF power of 80 W showed porous and spongy like microstructure with the most abundant contents of C=N and C≡N. The sample portrays no delay response in humidity sensor tests and gives the highest performance in percentage sensitivity of 79%. The optimal RF power on depositing the a-CN x thin film is 80W which correlates with the best performance of a good humidity sensing material.
